without such risk factors [3] . This change in epidemiology has necessitated changes in treatment practices and burdened healthcare resources, not only due to high numbers of skin and soft tissue infections [4] , but also because of life-threatening, invasive disease [5] .
Understanding the risk factors for communityassociated MRSA (CA-MRSA) will help shape public health interventions. Among adults, CA-MRSA has been associated with risk factors including injection drug use [6] , homelessness [7] , incarceration, and visiting bars and raves [8] . Outbreaks have also occurred among athletes [9] , military recruits [10] , and men who have sex with men [11] .
However, the risk factors for CA-MRSA versus CA-MSSA infections in children are unclear [12, 13] . Surveillance studies and reports from outbreaks suggest that children from low socioeconomic status or racial minority groups, such as black or African-Americans, Pacific Islanders, and Native Americans are at risk [14] . There is documentation of transmission in daycare centers [15] , households [16] , and sports teams [17] . However, these studies are subject to bias as they are mostly retrospective, with data limited to chart reviews or specific outbreaks. Recognizing that the dynamics of CA-MRSA transmission differ from those in healthcare settings, the Centers for Disease Control (CDC) developed the "Five Cs of CA-MRSA Transmission." This conceptual model suggests that infection is related to (1) contact with infected or colonized persons; (2) cleanliness; (3) compromised skin integrity; (4) contaminated objects or surfaces; and (5) crowding. A sixth "C" refers to capsules, or prior antibiotic use [18] . A high prevalence of these risk factors has been identified among children with CA-MRSA [19] , but a study examining the relationship between these potential risk factor categories and CA-MRSA versus CA-MSSA has not been documented.
We performed a prospective case-comparison investigation among pediatric patients from three medical centers in the San Francisco Bay Area [20] . For patients with a positive S aureus culture, we performed a chart review to evaluate clinical and demographic factors, telephoned parents or guardians of subjects to administer an extensive interview evaluating the 6 "Cs" of potential risk factors, and genotyped isolates for strain characterization.
MATERIALS AND METHODS Study Population
We identified inpatient and outpatient S aureus isolates from patients 0-18 years of age from the clinical microbiology laboratories at three sites in the San Francisco 
Data Collection
Demographic and clinical data were collected by chart abstraction, which was performed for all S aureus isolates identified at UCSF and SFGH. Due to the high volume of isolates at CHO (three times the number as UCSF and SFGH combined), one third were randomly selected for chart abstraction. Multiple S aureus isolates from a subject were considered part of the same episode if collected within 1 month of the first isolate [21] . Episodes were included if the following CDC clinical criteria for CA-MRSA were met: did not live in a long-term care facility in the past year, no hospitalization in the past year, no dialysis or surgery in the past year, and no presence of indwelling catheter or other percutaneous device [22] . We also included subjects with MSSA, minor outpatient surgical procedures, history of S aureus infection or colonization, and a positive culture collected after 48 hours of hospitalization if chart review revealed that symptoms began before admission. Although most were born in a hospital, infants were included if the postnatal course was uncomplicated. Other episodes, including patients with underlying cystic fibrosis, were classified as healthcare-associated S aureus. Isolates were excluded if identified as hospitalassociated (HA) S aureus infections, or chart review revealed that the culture reflected colonization and not infection. Potential for misclassification was low because HA cases were likely to present at the same hospital where they had records for chart review.
We called each subject with community-associated S aureus infections using contact information in the medical record. HA and CA classification was verified and potential epidemiological risk factors were assessed in a telephone interview with a consenting parent or guardian. In addition, activities and habits were assessed directly and confidentially from subjects older than 12 years after obtaining informed consent from a parent or guardian. Interviewers were blinded to whether subjects had MRSA or MSSA infections. Subjects previously interviewed during the study period were not interviewed again. [24] , and type I arginine catabolic mobile element (ACME) genes [25] were determined by polymerase chain reaction performed in triplicate. Spa sequences were determined by DNA sequence analysis of the protein A gene polymorphic region [25] . Spa types and the associated multilocus sequence types (MLST) were assigned from the Ridom Spa Server database (www.ridom.de/spaserver). Spa types without an associated MLST in the Ridom database were arbitrarily assigned as sequence type (ST) A to I. Spa sequences without a spa type in the database, but differing by three or fewer spa repeat sequence alterations to a spa type in the database, were assigned as related spa and sequence types. Clonal complexes (CC) were assigned according to designated MLST (http://www.mlst.net). Sequence types not belonging to any CC were not assigned a CC.
Laboratory Methods

Statistical Analysis
Univariate summaries of demographic and clinical characteristics were performed for all CA-S aureus subjects and episodes, respectively. Potential epidemiological risk factors were summarized for interviewed subjects only. Data points from UCSF and SFGH subjects were assigned a weight of 1 and those from CHO a weight of 3 in all analyses to account for our stratified sampling scheme. Rao-Scott χ 2 test for categorical data (based on the Pearson χ 2 statistic with a correction accounting for sampling design effects) and linear regression for continuous data were used. Subjects were categorized as having recurrent infection based on self-report of having had at least 1 infection in the past year that is similar to the current infection (ie, same site, similar size or shape, or similar symptoms). Hypothesis tests were two-tailed and those with P .05 were considered significant. Analyses were performed using SAS versions 9.1.3 and 9.2 for Windows (Cary, NC).
RESULTS
Study Population
We identified 826 S aureus episodes during the study period. After nonclinical surveillance cultures were excluded, 28.8% were classified as healthcare-associated Figure 1 ). When demographic and select clinical characteristics (ie, hospitalization status, culture site, clinical diagnosis, and underlying disease) between interviewed and noninterviewed subjects were compared, no significant differences were found except that a greater proportion of the interviewed group was Asian or Pacific Islander (13.5% vs 8.5%, P = .01).
Clinical Factors of CA-MSSA Versus CA-MRSA Infections
Compared to CA-MRSA, CA-MSSA infections were more likely to result in non-skin invasive disease (6.2% vs 1.1%, P = .004). CA-MSSA cases had longer hospitalizations (median 3.3 days, 95% confidence interval [CI] 2.5-4.0, vs 2.2 days, 95% CI 1.8-2.5, among CA-MRSA cases) and a longer length of symptoms prior to presentation (4.3 days, 95% CI 3.1-5.5 vs 1.9 days, 95% CI 1.3-2.5). A significantly higher percentage of CA-MRSA infections occurred in the buttock and groin area (33.1% vs 11.0%, P < .001). The median ages of subjects with groin or buttock infections were similar (0.9 years, 95% CI 0.9-0.9, among CA-MSSA subjects and 0.7 years, 95% CI 0.6-0.8, among CA-MRSA subjects, P = .17). CA-MRSA skin infections were diagnosed more often as abscess or cellulitis and CA-MSSA infections were diagnosed more often as superinfected eczema or impetigo. Cultures from CA-MSSA cases were more likely to be polymicrobial (41.5% vs 17.5%, P < .0001) ( Table 1) . Antibiotic susceptibility profiles are detailed in Supplementary Table 1 .
Demographic Risk Factors for CA-MSSA Compared to CA-MRSA Subjects CA-MRSA subjects were more likely to be black or African-American (53.2% vs 25.8%, P < .0001) and of lower socioeconomic status as evidenced by income (P = .008) and parental education level (P = .06).
CA-MSSA was more likely to occur among males as well as nonblack or non-African-American ethnic groups. CA-MRSA occurred more commonly in younger subjects (median age 1.5 years, 95% CI 1.1-1.9, vs 5.5 years, 95% CI 4.3-6.7). Homelessness was not statistically significantly associated with CA-MSSA versus CA-MRSA (Table 2) .
Epidemiological Risk Factors for CA-MSSA Compared to CA-MRSA Subjects
Using the "6 Cs Framework for CA-MRSA Transmission," we found few statistically significant differences between potential risk factors for CA-MRSA or CA-MSSA infections (Table 3 ). There were no statistically significant differences between CA-MRSA compared to CA-MSSA infections for the following: cleanliness, crowded living conditions, exposure to antibiotics, and other high-risk teen behaviors (sexual activity; visits to a bar, rave, or club; smoking or snorting drugs).
Compared to CA-MRSA, CA-MSSA was associated with eczema (24.3% vs 13.5% P = .001). There were no significant relationships between other causes of compromised skin integrity and CA-MSSA versus CA-MRSA infection.
Regarding exposure to potentially colonized or infected persons, a significant association was found between recent surgery in a household contact and CA-MSSA infection (vs CA-MRSA), as well as recent incarceration in a household contact and CA-MRSA infection (vs CA-MSSA). Subject visits to an emergency room, nursing home, daycare, group home, or prison were not significantly associated with CA-MRSA versus CA-MSSA infection. Regarding exposure to potential fomites, regular visits to a public shower or fitness gym were associated with CA-MSSA (vs CA-MRSA) infections. Recent similar infection in a household contact was not significantly associated with CA-MRSA versus CA-MSSA infection.
Recurrent Infections Subanalysis
We evaluated risk factors for recurrent infection, defined as self-reported history of at least 1 similar infection in the previous year. Of 153 interviewed subjects, 38 (24.8%) infections were classified as recurrent and 115 (75.2%) as nonrecurrent. Prevalence of skin infection was similar (59.4% vs 58.6%, P = .88), but recurrent cases were less likely to be invasive (0% vs 7.2%) or require hospitalization (5.2% vs e Initial contact with subject was not made within 4 months of culture date. 
34
.5%, P = .001). The prevalence of methicillin resistance was similar (P = .97). Differences in demographic and potential epidemiological risk factors were not statistically significant, with the exceptions being that subjects with recurrent infection had a history of more visits to the emergency room (67.6% vs 24.9%, P < .001), bathed more frequently (P = .003), and were more likely to visit a public swimming pool (20.3% vs 5.9%, P = .03) (Supplementary Table 2 ). Among subjects with recurrent infection, we also evaluated potential risk factors for CA-MRSA (34.2%) vs CA-MSSA (65.8%). The only statistically significant difference was homelessness: 28.1% of subjects with recurrent CA-MRSA infection had slept at another person's home in the year before the infection, compared to 2.6% among recurrent MSSA cases (P = .004), though the sample size for this comparison was small.
Molecular Characteristics
Molecular analysis was performed in 111 isolates: 20.4% (55/270) of CA-MRSA strains and 17.9% (56/ 313) of CA-MSSA strains. These represented 15.3% (9/59) of CA-MRSA and 10.5% (10/95) of CA-MSSA episodes from which an interview was conducted.
Among isolates with spa types present in the Ridom database, CC8 was represented in 80.0% (44/55) of CA-MRSA and 30.4% (17/56) of CA-MSSA isolates (Figure 2 ). Including isolates with spa types not present in the database, but assigned CC8 according to sequence similarities, 96.4% (53/55) of CA-MRSA and 39.3% (22/56) of CA-MSSA isolates were CC8 (Supplementary Tables 3 and 4) . The literature has predominantly used USA300 for molecular characterization. However, we focused on CC8 because recent studies suggest that the virulence of CA-MRSA is related to the CC8 genetic lineage from which the USA300 phenotype originates [26] . Epidemiological data from the dominant CC (CC8) were compared to non-CC8 types and found to be similar (Supplementary Table 5 ).
PVL was identified in 90.9% (50/55) of CA-MRSA isolates and 23.2% (13/56) of CA-MSSA isolates. ACME was identified in 81.8% (45/55) of CA-MRSA isolates and 7.1% (4/56) of CA-MSSA isolates.
DISCUSSION
We prospectively evaluated potential epidemiological risk factors for pediatric CA-MRSA compared to CA-MSSA infection, and found that among a sample of children in the San Francisco Bay Area, there were few differences. We also found genetic similarities in that the predominant genetic lineage of both CA-MRSA and CA-MSSA isolates was CC8. Lastly, despite the concerns about CA-MRSA among the medical community and the public, we found that CA-MSSA infections were more prevalent and invasive among all S aureus infections.
There is a paucity of data comparing the epidemiological risk factors of CA-MRSA and CA-MSSA infection. Most studies are retrospective or generated from outbreaks. One prospective study of hospitalized adults found that CA-MRSA was associated with contact with infected persons, visiting bars and raves, Includes nasopharyngeal, throat, sputum, tracheal/endotracheal tube aspirate, and bronchoalveolar lavage. g Some episodes involved multiple body sites; the total number of body sites is greater than the total number of cultures.
h Data based on isolates not episodes, CA-MSSA n = 317, CA-MRSA n = 272.
and incarceration, though overall, clinical and epidemiological risk factors could not reliably distinguish between MRSA and MSSA infection [27] . Among children, a prospective study from Texas did not find any significant risk factors, though the assessment was limited to that of healthcare-related risk factors [13] . Abbreviations: CA-MRSA, community-associated methicillin-resistant Staphylococcus aureus; CA-MSSA, community-associated methicillin-sensitive S aureus; CI, confidence interval. a Percentages calculated based on weighted data (weight of 3 for Children's Hospital Oakland subjects, 1 for all other subjects). Other public facility (eg, spa, hot tub, sauna, whirlpool) 7 (8.6%) 0 - 
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More recently, a prospective hypothesis-generating study of adult and pediatric subjects from Minnesota found that, compared to CA-MSSA cases and uninfected controls, only antibiotic use in the prior 6 months was associated with CA-MRSA infection, and the assessment of non-healthcare risk factors was unrevealing [28] . In our study, we evaluated the 6 "Cs" of potential risk factors for CA-MRSA and found few differences when compared with CA-MSSA. Similar to previous findings, neither crowding nor cleanliness distinguished CA-MRSA from CA-MSSA infection [28, 29] . While others have found a significant association between prior antibiotic use and CA-MRSA (vs CA-MSSA), we did not [28] . The few significant associations we noted were with CA-MSSA infection (vs CA-MRSA). Of the many exposures to potentially contaminated objects assessed, only regular use of a gym or public shower was associated with CA-MSSA. Compromised skin integrity due to eczema was also associated with CA-MSSA infection. Of the exposures to potentially infected or colonized persons, only having a household contact who had surgery in the past year was associated with CA-MSSA. Others have implicated sexual contact as a possible risk factor for CA-MRSA infections of the groin and buttock [11] . While only two of our pediatric subjects had a history of sexual activity, CA-MRSA was significantly associated with abscess or cellulitis in the buttock and groin areas. We considered whether diaper rash or younger age in patients wearing diapers were associated with CA-MRSA infection, but there were few diaper rashes in our study population and no relationship between age and infections in the groin or buttock area. The association between infections in the buttock or groin area and CA-MRSA may be due to other factors that facilitate colonization of MRSA over MSSA [30] .
To our knowledge, there are no prospective studies evaluating the clinical and epidemiological factors in recurrent S aureus infections, which are a growing challenge in pediatrics [31] . Although our sample size was small and relied on self-reported history of prior infection, our analysis was notable in that no invasive disease occurred among recurrent cases. Also, recurrent infections were more commonly due to MSSA rather than MRSA. These findings suggest that, in our region, MRSA may not be the main culprit of recurrent infections, and that recurrent infections may be unlikely to result in invasive disease. Our subjects with recurrent CA-MRSA infections were more likely to have visited the emergency room, a public swimming pool, and bathed more frequently compared to subjects with recurrent CA-MSSA infections; however, in this study, we cannot distinguish whether association of infection with these activities was due to subjects seeking care or following recommendations to decrease MRSA colonization versus exposure to these activities being a potential source of reinfection. Our molecular analysis demonstrated that CC8 was the predominant genetic lineage of CA-MSSA and CA-MRSA isolates. ST8 has been demonstrated to be the founder of the CC8 lineage and the progenitor for the USA300 phenotype, which in recent years has grown to be the most prevalent phenotype among CA-MRSA isolates [26] . Recent studies suggest that the virulence of CA-MRSA is based on expression of genetic factors intrinsic to the CC8 lineage rather than phenotype or mobile genetic elements [26] . CA-MSSA has historically been heterogeneous [32] , but recent studies suggest an increase of USA300 among CA-MSSA isolates in several settings, including among adults and children with invasive and skin infections [1, [33] [34] [35] . Our study similarly noted a large proportion of CA-MSSA isolates from CC8.
There were some limitations to our study. First, because our study design focused on identifying risk factors that differed between CA-MRSA and CA-MSSA infections, we could not determine whether any characteristics we evaluated were risk factors for community-associated S aureus infections compared with uninfected controls. Second, we reached less than a third of subjects for interview, likely due to inherent challenges with follow-up telephone interviews (eg, changed telephone numbers, disinterest in returning calls). However, baseline characteristics between subjects who were interviewed and not interviewed were similar, suggesting lack of bias. Strengths of our study include the prospective study design, use of interviews, and detailed assessment of potential epidemiological risk factors, adding important evidence to a sparse pediatric literature and documenting the rapidly evolving epidemiology of S aureus.
In conclusion, we found that among children seen at three major pediatric medical centers in the San Francisco Bay Area, CA-MSSA was more prevalent and caused more invasive disease than CA-MRSA. There were few differences in epidemiological factors between CA-MRSA and CA-MSSA, and the genetic lineage of CA-MSSA may become increasingly similar to CA-MRSA. As more research shows that distinctions of community versus healthcare-associated S aureus infections may be no longer be clinically or epidemiologically relevant, differentiations between MRSA and MSSA may also become less relevant. The contribution of CA-MSSA infections among children with S aureus infections should be recognized, and consideration of S aureus as a single entity will enable the development of rational and more complete prevention, treatment, and research strategies. 
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